). With the hypothesis that 'non-diabetes associated' ICA512 autoantibodies would differ from diabetes associated ICA512 autoantibodies in terms of epitopes recognized, we analyzed ten such serum samples (two from normal control individuals, one from a general population subject with transient ICA512 autoantibodies and seven from relatives of patients with type 1 diabetes who had single transient ICA512 positivity). All but one of the 'non-diabetes associated' ICA512 positive samples (9/10) did not react with Fragment 1 which contains the major antigenic epitopes of the molecule that were recognized by almost all (51/52) ICA512 positive new onset patient samples and pre-diabetic relatives (P<10 −6 ). The great majority of samples (44/52) from the new onset patients and pre-diabetic relatives reacted with at least two fragments and 60% (31/52) with three or more fragments. In contrast, only one sample of the ICA512 'non-diabetes associated' sera reacted with multiple fragments (P<10 −4 ). Our findings suggest that diabetes associated anti-ICA512 autoantibodies react with multiple ICA512 epitopes while non-diabetes associated ICA512 autoantibodies may usually represent reactivity of antibodies with determinants of ICA512 unrelated to type 1 diabetes. The ability to distinguish diabetes associated from non-diabetes associated anti-ICA512 autoantibodies should provide prognostic information and more importantly suggests that even with highly specific radioassays positivity may occur unrelated to type 1 diabetes.
Introduction
Multiple autoantigens are targets of the autoimmune response in type 1 diabetes. One of these is the islet antigen ICA512 (IA-2) [1, 2] , a transmembrane glycoprotein localized in dense core secretory granules of peptide-secreting endocrine cells and neurons [3] that belongs to the tyrosine phosphatase-like protein family. ICA512/IA2 autoantibodies (ICA512AA) are present in patient sera months to years before the diagnosis of type 1 diabetes and about 60-70% of newly diagnosed patients and prediabetic relatives are positive [4, 5] . ICA512AA are predictive of type 1 diabetes in first-degree relatives and in the general population [4] [5] [6] [7] [8] [9] [10] [11] . With binding and competition analysis using multiple chimeric ICA512/ IA-2 constructs (another member of the protein tyrosine phosphatase family), we and others found that major epitopes of ICA512 are located in the carboxyterminus of the molecule, protein tyrosine phosphatase (PTP) domain, and an epitope located within the juxtamembrane domain [12, 13] . The epitopes in the PTP domain of ICA512 were recently further characterized with human monoclonal autoantibodies isolated from the peripheral blood of the newly diagnosed patients with type 1 diabetes [14] . The peripheral T-cell responses to the ICA512 molecule from the patients and the normal controls with HLA-DR*0401 and/or DQ*0302 have been studied by the several laboratories and indicated that the PTP domain contains several major T-cell epitopes [15] [16] [17] .
Two different constructs (naturally occurring, alternative splice variants) are often used for the determination of ICA512 (IA-2) autoantibodies in international workshops (ICA512bdc, amino acids 256-556:630-979, and ICA512ic, amino acids 605-979). Using both constructs in a DPT-1 ancillary study [18] , no difference in overall positivity was found in analysis of 2,151 relatives though both constructs detected a small number samples not detected by the other construct (7/2,151 ICA512bdc+/ICA512ic−; 7/2,151 ICA512ic+/ICA512bdc−). In the current study the ICA512bdc construct was utilized for initial screening for ICA512 autoantibodies.
Recent studies indicated that some relatives of patients with type 1 diabetes and individuals from the general population can express transient anti-islet autoantibodies without known genetic risk factors for type 1 diabetes [19] . The sera with transient autoantibodies usually had low levels of antibodies reacting with a single islet antigen. Individuals with transient autoantibodies rarely expressed autoantibodies more than once. In present study, we applied ICA512 fragment assays to sera from individuals with transient ICA512 autoantibodies. The pattern of epitope recognition differs markedly from newly diagnosed type 1 diabetes patients and pre-diabetic relatives.
Research Design and Methods

Subjects
The 10 sera with transient ICA512 autoantibodies were collected from 10 subjects, seven relatives through DPT-1 (Diabetes Prevention Trials-Type 1) and DAISY (Diabetes Autoimmunity Study in the Young), one individual from the general population through DAISY, and two normal control subjects. All the subjects were confirmed to be positive for ICA512 autoantibodies by repeating the tests at least three times on different days and all converted to negative in later follow up except one control subject who was not re-tested. ICA512 autoantibodies occurred only on a single serum sample for all these individuals and they never expressed any other anti-islet autoantibody (GAD65 and insulin autoantibodies).
Forty-two sera of new onset patients with type 1 diabetes within 7 days of diagnosis and 10 sera from pre-diabetic relatives (mean time to diabetes=1.5 years, range from 0.3 to 3 years) were from the Barbara Davis Center and confirmed as ICA512 autoantibody positive. We also specifically included 13 new onset patients with low index values of ICA512 autoantibodies. Subjects gave informed consent to participate in the study.
Construction of ICA512 fragment cDNA (Figure 1)
Using the technology of screening bacteriophage cDNA expression libraries of the ICA512bdc clone (256-556:630-979) with positive patient sera, we identified [20] two major ICA512 epitope fragments: the Fragment 1 (aa 761-964) and the Fragment 2C (aa 929-979). These fragments were in vitro transcribed and translated and utilized in fluid phase radioassays. Fragment 1 (761-964) was recognized by virtually all ICA512bdc autoantibody-positive sera. Two new fragment constructs, Fragment 2A (aa 256-760) and the Fragment 2B (aa 761-928), were produced resulting in three non-overlapping fragments spanning the ICA512 molecule from aa 256 to the end of the molecule (aa 979). The fragments were created with PCR with full length ICA512 as a template followed by cloning and introduction of a start-codon (ATG), at the beginning of each fragment for in vitro translation except for Fragment 2C (aa 929-979) which has a natural methionine in position 929. Dr. Ezio Bonifacio kindly provided the cDNA construct of the intracellular domain of ICA512 (ICA512ic, aa 605-979). All fragment constructs of ICA512 used in the present study are summarized in Figure 1 .
Autoantibody radioimmunoassays
Serum samples were stored at −20°C before testing. ICA512 and all its fragment peptides were produced by in vitro transcription/translation technique (Promega) and the products were labeled with 35 Smethionine during in vitro translation. Autoantibody reactivity was measured in duplicate using an assay format as described previously [21] . The inter-assay coefficient of variation is 10% and the intra-assay coefficient of variation 5% for the ICA512 autoantibody assay. The intra-assay coefficient of variation for Fragment 1, 2A, 2B, and 2C are 4%, 9%, 5%, and 3%, respectively. The cut-off for positivity was defined as the 99th percentile of 198 healthy controls for ICA512bdc and ICA512ic assays and the 99th percentile of 100 healthy controls for ICA512 fragment assays. The index at the 99th percentile for each assay is listed in the Table 1 . Index is calculated as (cpm of sample−cpm of negative control)/(cpm of positive control−cpm of negative control). In the Immunology of Diabetes Society's Combined Autoantibody Workshop of 1995, sensitivity (for diabetes at less than age 30 years) for ICA512AA assay was 73% and specificity 100%.
Statistical analysis
Categorical variables were analyzed using Fisher's exact tests. All tests were two-sided, using a significance level of 0.05. Statistical analyses were performed utilizing True Epistat (Round Rock, Richardson, TX).
Results
As previously published autoantibody assays using either ICA512bdc or ICA512ic gave discordant results in less than 10% of new onset patients and prediabetic relatives. For the present 52 new onset patients and pre-diabetic relatives selected to be ICA512bdc positive, five were negative for ICA512ic. All samples ) and only one sample (1/52) reacted with Fragment 2A alone, not reacting with the other fragments (PTP domain fragments). A summary of auto-reactivities to all the fragments between the ICA512 transient autoantibodies and the patient samples is summarized in the Table  2 . Of note, Tables 1 and 2 include data on diabetic subjects specifically selected to have an ICA512bdc index below the highest transient subject. Similar to the whole group of 'diabetes associated' autoantibodies, 12/13 of these sera recognized Fragment 1 and 7/13 recognized multiple fragments.
Discussion
ICA512 (IA-2) autoantibodies are probably the most specific marker of type 1 diabetes currently available. We were able to find relatively few individuals with transient ICA512 autoantibodies with the screening more than 71,000 individuals of DPT for ICA512 autoantibodies. As expected from our prior studies, a subset of samples were ICA512bdc positive and ICA512ic negative. We believe it is likely that if we had screened with the ICA512ic variant, we would find ICA512ic positive and ICA512bdc negative samples as we have reported previously for analysis of approximately 2,100 DPT samples [18] .
Major epitopes of ICA512 recognized by sera from type 1 diabetic patients and prediabetic relatives are located in the intracellular PTP domain of the molecule. Not surprisingly, almost all the samples of new onset patients and pre-diabetic relatives in the present study were positive for PTP domain fragments. From the current data, four ICA512 fragments were analyzed with three in the PTP domain represented by Fragment 1 and three non-overlapping fragments, Fragment 2A, 2B, and 2C. The largest PTP fragment, Fragment 1, remarkably gave near 100% positivity in diabetic and pre-diabetic patients (51/52) compared to only 1/10 of transiently positive subjects. In our additional preliminary studies, Fragment 1 detected as positive (>99th percentile) the majority of those samples giving non-concordant results for ICA512bdc and ICA512ic constructs (Fragment 1 detected as positive 7/8 sera ICA512bdc+/ICA512ic− and 6/7 sera ICA512ic+/ICA512bdc−) and this fragment will be one of the most sensitive constructs for assessing ICA512 autoantibodies. Fragment 2C, which only contains the 51 C-terminal amino acids, retained nearly 80% of the sensitivity (40/52) of ICA512bdc and was similarly specific, present in only 1/10 of the transiently positive subjects. Most of the samples of new onset patients and pre-diabetic relatives reacted with two or more PTP domain epitopes. Fragment 2A which contains the juxtamembrane region had a lower sensitivity compared with the PTP domain fragments and when sera were positive with this fragment their indexes were relatively low. The true frequency of positivity for the juxtamembrane region epitope is likely to be slightly increased to that found since others have identified patients with antibodies only against juxtamembrane epitope and these may have been missed by selection of ICA512 positivity using the ICA512bdc clone. Surprisingly, 9/10 ICA512 transient positive samples did not react with any of the three PTP domain fragments which contain major antigenic epitopes of the molecule and were recognized by almost all ICA512 positive sera (51/52) from new onset patient and prediabetic relative samples (P<10 −6 ). Three samples from ICA512 transient positive subjects reacted only with a single construct, Fragment 2A containing the juxtamembrane region sequences. The great majority of samples (44/52) from the new onset patients and prediabetic relatives reacted with at least two fragments and 60% (31/52) with three or more fragments. In contrast, only one ICA512 transient positive sample reacted with multiple fragments (P<10 −4 ) and most of the sera (7/10) were negative for ICA512ic molecule (aa 605-979) (P=0.0001). Reactivity with multiple fragments was not simply determined by the level of ICA512 autoantibodies. The level of ICA512 autoantibodies from the transient positive sample that reacted with multiple fragments was not the highest. Thirteen samples of new onset patients were specifically selected to have low levels of ICA512 autoantibodies. They were similar to those randomly selected ICA512 positive samples in that almost all reacted with PTP domain epitopes and most reacted with multiple fragments and thus again very different from the 'non-diabetes associated' samples. The majority of ICA512 transient autoantibodies, either from relatives or from the general population, bind to a single epitope and the epitope is not identical to major diabetes related epitopes. This suggests that transient ICA512 autoantibodies represent 'false positive' (non-diabetes associated) autoantibodies that bind to a single epitope of this islet autoantigen. Studies of the epitopes recognized by transient and persistent GAD65 and insulin autoantibodies should allow further testing of the hypothesis that transient 'autoantibodies' usually do not react with epitopes characteristic of diabetes related sera. With epitope specific radioassays, diabetes associated ICA512 autoantibodies may be distinguished. 
